Data Set Overview

Data Set Identification
BOREAS TE-12 SSA Shoot Geometry Data
Data Set Introduction
Measurements of shoot and individual needle length and width, orientation of needle to shoot axis, and number of needles per shoot were made on samples collected in 1993 and 1994 from aspen, jack pine, and black spruce trees with the BOReal Ecosystem-Atmosphere Study (BOREAS) Southern Study Area (SSA). Calculations of shoot and twig volume, surface area, and shape factor were made based on the collected information.
Objective/Purpose
The purpose of the study was to characterize the needle and shoot geometry properties of several boreal forest tree species.
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Summary of Parameters
Orientation of needles to shoot axis in three planes, volumetric displacement of the entire shoot and twig, shoot axis widths and length, sample of 10 needle lengths (and widths for the 1993 Intensive Field Campaign and Focused Field Campaign -Winter (FFC-W) only). All measurements are for three age classes: growth from current year, last year, and 2 years ago.
1,5 Discussion
IFC-93: Measurements were made on samples collected at two sites in the SSA: near the Nipawin Fen (FEN) and Nipawin Jack Pine [Young-Dry] (YJP). Canopy access was limited to only ground-level collection of samples. Samples from trees could be from various heights within the tree, but were generally from the lower third of the entire canopy height. Black spruce [Picea mariana] and jack pine [Pinus banksiana] were sampled near the SSA-FEN site. Jack pine needles were sampled at the SSA-YJP site.
FFC-W: Measurements were made on samples collected in the SSA: Old Dry Jack Pine (OJP). The measurement methods described for IFC-93 were used. Jack pine trees were sampled at SSA-OJP. FFC-Thaw (FFC-T): Measurements were made on samples collected at two sites in the SSA: OJP and Old Black Spruce (OBS). Jack pine trees were sampled at SSA-OJP and black spruce trees were sampled at SSA-OBS.
IFC-1,-2,-3: Measurements were made on samples collected at in the SSA: Mixed (MIX), YJP, and OBS. White spruce [Picea glauca] shoots were sampled at SSA-MIX. Jack pine shoots were sampled at SSA-YJP.
Black spruce shoots were sampled at SSA-OBS. Measurements were made also on samples collected at SSA-OId Aspen (OA), SSA-Young Aspen (YA), SSA-FEN sites.
Related Data Sets BOREAS TE-10 Leaf Optical Properties BOREAS TE-12 SSA Water Potential Dataa BOREAS TE-12 Leaf Optical Data for SSA Species
The most desirable foliage area to use in reporting results from conifer shoots and broad leaves is to use the total surface area (SA) and one-half the total surface area, which is referred to as half the area of the surface leaf (HASL). HASL can be calculated using the shoot volume (inferred from the volume displacement measurement), the number of needles, average needle length reported here, and shape factor.
For flat leaves, the hemi-surface area is the same as the projected area, but for conifer needles or shoots, "projected area" is not even well defined and generally not used consistently.
Hemi-surface area is not easy to misinterpret for any object.
Hemi-Surface Area Measurement
Surface area for conifer shoots can be measured by several methods, but the two most common are volume displacement and projected area of detached needles using an optical planimeter. Using the optical planimeter is tedious because needles have to be carefully aligned so as to present their maximum area to the planimeter. Given the measured needle projected area of all the needles that have been detached from the shoot and a known cross-sectional shape for the needles, the surface area can be calculated and divided by two to get HSA.
A faster method that is as reliable as the planimeter method and does not require an expensive optical planimeter is the volume displacement method. This method requires a reasonably good, top-loading electronic balance; something common to any lab. The procedure is as follows: • A container that is large enough for an intact shoot to be submerged in is filled with water and about 3-5% detergent mixed in with the water. The detergent is necessary because it prevents small air bubbles and films from accumulating on the surface of the shoot. The container has to belargeenough for theshoottobesubmerged withouttouchingthewallsof thecontainer. If shootsaretoo large,needles canbedetached andsubmerged in thecontainer usinga fine wire.
• Thecontainer andliquidareplacedon atop-loading electronic balance andtaredtoprovidea
zeroreading. An intactshoot(or a groupof needles from a shoot)is submerged in theliquid with out touchingthewallsof thecontainer andtheweightrecorded. To pushtheshoot into thewater,a forceequal tothebuoyant forcemustbeapplied. Thebuoyant forceis relatedto themassof thevolumeof waterdisplaced by theshoot.Thus,thevolumeof theintactshoot (V) in cubiccentimeters is numerically equal to theweightincrease indicated onthebalance.
• Thenumberof needles ontheshoot (n) arecounted andtheiraveraged length(L) determined from a subsample of 10to 20needles spaced overthelengthof theshoot.
• Forprecisework,theneedles canberemoved fromtheshootandthevolumeof thewoody portionof theshoot measured by submerging it in theliquid-filledcontainer onthebalance. Theneedle volumeis thedifference between thetotalvolumeandthewoodyvolume.The volumeof thewoodyportionis generally 5 to 15%of thetotalvolume.
• Theshape of thecross-sectional areais determined from observations under a microscope.
This shape is usually fixed for all needles of a given species and so has to be determined only once for a given species. This shape determines the coefficients in an equation that relates the above measurements to surface area (SA).
The total surface area (SA) of a group of conifer needles is given by:
where n is the number of needles, L is their mean length and P is the length of the perimeter of the needle cross section. The volume of the needles is:
where A is the needle cross section. Solving for A gives:
We can define a dimensionless "shape factor" X:
thus P = X sqrt(A)
Substituting this into 1) gives:
and from (3):
This equation is valid for any arbitrary cross-sectional needle shape. Moreover, the factor will remain constant even if the needle tapers at its end, provided its shape remains the same. Note: sqrt means square root of the quantity in ().
Careful measurements of total surface area were done on several species by both the volume displacement method and optical planimeter method. With Douglas Fir, if detergent was not added to the water, the volume displacement method overestimated the surface area by 35% in one case and 39% in a second case because of entrapped air.
HSA is just one half the total surface area.
Proposal: Investigators using the volume displacement method should report total and half surface area (SA and HSA, respectively) along with the shape factor (X). A description of the method used to calculate the shape factor should also be provided.
Equipment
Sensor/Instrument
Description A Mitutoyo Digimatic Caliper (Series 500) was used to measure shoot and needle lengths and widths. The instrument has a 0.01-mm resolution and error of +/-0.02 ram.
A Mettler (M(vdel PLI200) top-loading scale was used in the volume displacement procedure to measure the weight of the shoot or twig submerged in water (BOREAS Experiment Plan; Appendix K.) The scale had a (I.()l-g resolution and a 0-to 1200-g range.
An image anah,i, ,wtem was used to measure the cross-sectional area and perimeter length of needles, needed to determine the needle shape factor. The Cohu solid-state camera of the image analysis was attachcd to a camera mount of a microscope. Cross-sections of needles were placed on microscope slide, and then placed under a Leica Wild M 3 Z microscope with a transmitting light stand, bright/dark field. The bright field of the light stand was used. The camera transmits a signal to the frame grabber board, w'hich translates the intensity of each pixei to a gray scale from 0 (black) to 255 (white) levels. The JAVA software program (version 1.4, Jandel Corporation) was set up to count the number of pixcN m a defined area of interest for a range of gray scales that represented the "black" needle cross-sections.
Collection Environment
All measurements were made in the controlled environment of a laboratory.
Source/Platform
None given.
Mission Objectives None given.
Key Variables
Twig, needle and shoot element lengths, needle inclination from twig and needle surface area.
4.1.5 Principles of Operation The Cohu solid-state camera transmits a signal to the frame grabber board, which translates the intensity of each pixel to a gray scale from 0 (black) to 255 (white) levels. The JAVA software program was set up to count the number of pixels in a defined area of interest for a range of gray scales that represent the "black" sample needle cross-sections.
Instrument Measurement Geometry
Sample Collection
Shoot Geometry Sampling:
For IFC-93 and IFC-1,-2,-3: Branchlet samples (defined as a small tree limb consisting of shoots with growth from current year, previous year and two year ago) were cut from plants, covered with damp cheesecloth, sealed in a Ziploc-type storage bag, and stored and transported in a cool ice chest to the lab for processing. Generally, processing required 2 to 3 days to complete. If the samples were not measured on the same day as when they were cut from the plant, the samples were stored in a refrigerator.
For FFC-W and FFC-T: Branchlet samples were collected from trees and placed in Ziploc-type storage bags containing damp paper towels. The samples were packed in ice and shipped to Lincoln for measurement.
Shape Factor
Sampling: For IFC-1,2,3: Samples for cross-sectional perimeter and area measurements were collected from tow and high heights in the canopy (bottom third of the canopy and top third of the canopy, respectively.) Three trees were sampled each IFC, one branch from each tree. Each branch had at least three shoots with each shoot having the three most recent age classes present. Samples were stored in Ziploc-type bags and transported in cool ice chests to a nondefrosting freezer. Frozen samples were packed in coolers containing ice and shipped to Lincoln. There, the samples were stored in a nondefrosting freezer until cross-sectional measurements could be measured.
Sample Measurement
Shoot Geometry: A soap/water mixture was created for the volume displacement procedure (BOREAS Experiment Plan, Appendix K). The mixture was 1 part liquid soap to 31 parts water. (Typically the soap/water mixture was made in bulk for several days use; 4 oz of soap and 124 oz of water.)
A shoot was selected from the cut branch that contained three ages of growth (current, past year's, and 2 years' prior growth; i.e., in 1994 the 1994, 1993, and 1992 growths were sampled). Cones were removed if present. Each year's growth was cut from the shoot and placed in a separate small Ziploc-type plastic bag until measured.
The angle between needle and shoot twig was measured for 5 randomly selected needles in each of 3 shoot cylinder planes along the shoot for a total of 15 angle measurements per shoot-age section. The angle was measured for five random needles in the horizontal plane (0 degrees) and in the top and bottom perpendicular planes (90 degrees). The protractor was moved along the shoot length and angles at five locations along the twig length were recorded. (Distinguishing the planes in jack pine was difficult due to shoot cylinder symmetry, so the protractor was arbitrarily placed for the "top" plane and the shoot was rotated 90 degrees for each of the other two planes.) If a needle was absent at the location selected for measurement, the angles were recorded as a null reading. Bare twig length (lengths absent of needles), shoot-age section length, and the "wide" and "narrow" shoot widths were measured with the caliper. If the shoot-age section was longer than 150 mm, a meter stick was used to measure the lengths. Shoot length was measured as the length from the cut twig end to the tip of the needle.
Thecontainer wastaredwith theclip submerged in soap/water solution.The twig was clamped into the clip and completely submerged in the soap/water solution without contact with the side of the container. The sample and container were weighed (taring resulted in the sample weight).
The total number of needles and the number of dead needles were counted and recorded. Ten needles were randomly selected from which needle lengths were measured with the caliper. For IFC-93 and FFC-W, the widest and narrowest widths of the 10 needles were measured.
These procedures were repeated for each shoot-age class and remaining shoots.
For Shape Factor:
Needle shape factors were calculated for needles from nine shoot samples collected from three branches during each IFC. Several needles from a particular age class were sampled from each shoot. Needles were placed in a bag from which three needles were randomly sampled. The mid-needle cross-sections of three needles were placed on a microscope slide and the slide was placed on the light stand of the microscope.
The image of the three cross-sections was captured and the area and perimeter of each cross-section were calculated by the image analysis system by counting the number of "blackish" pixels. The process was repeated for 32 additional needles randomly selected from the bag. A total of 35 cross-sections was measured. The areas and perimeters were used in the shape factor equation (See Section 9.1.1 ) and averaged to give a mean shape factor by species, age class and canopy height. Shoot geometry from jack pine shoots collected near SSA-FEN. 3 trees x 1 branch x 3 ages x 3 replications of shoots. Branches from tree 1 and 2 were sunlit and the branch from tree 3 was shaded.
Sampled: August 6, 1993 (Measured: August 7-10, 1993) Coordinate measurements of leaf gas exchange; leaf optical properties and shoot geometry on black spruce near SSA-FEN. 3 trees x 4 branches x 3 ages x 3 replications of adaxial needle surface. Tree 1 was sunlit, tree 2 was lightly shaded and tree 3 was deeply shaded. All trees were about 3 to 3.5 m tall in a grove of trees about 10 m tall.
Sampled:
August 16, 1993 (Measured: August 17-18, 1993) Shoot geometry from jack pine shoots collected at SSA-YJP. 9 trees x 1 branch x 3 age x 1 replication of shoot.
Sampled: August 20, 1993 (Measured: August 21, 1993) Coordinate measurements of leaf gas exchange, leaf optical properties and shoot geometry on black spruce shoots collected near SSA-FEN. 5 trees x 1 branch x 3 ages x 1 replication of shoot.
February 3, 1994 (Measured: February 13, 1994) Shoot geometry characterized from jack pine shoots collected at SSA-OJP and shipped to Lincoln, NE. 7 trees x 1 branch x 3 ages x 3 replications.
Shoot age sections were from the 1993, 1992 and 1991 growth. Samples appeared somewhat flattened during shipment; needle orientation to twig and shoot diameter measurements may be invalid. May 27-29, 1994) Shoot geometry characterized from jack pine shoots collected at SSA-YJP. 9 trees x 1 branch x 3 ages x 3 replications.
Trees located about 150m east of hut and 20-50m north of access road. Branches were from south side of trees and generally in full sunlight at 1230-1600 local time. Branches were collected from 2-3m from the soil surface. Shoot age sections were from the 1993, 1992 and 1991 growth.
August 2, 1994 (Measured: August 2, 1994) Shoot geometry, coordinated with gas exchange measurements, was characterized from black spruce shoots collected at SSA-OBS. 3 ages x 4 replications. Samples were collected, from the canopy access tower, from high in the canopy.
August 2, 1994 (Measured: August 2-4, 1994) Shoot geometry was characterized from black spruce shoots collected at SSA-OBS. 3 trees x 3 branch x 3 ages x 3 replications.
Samples collected from lower in the canopy (approximately 9m from the soil surface) via canopy access tower. Branches were mostly shaded.
August 5, 1994 (Measured: August 5, 1994) Shoot geometry, coordinated with gas exchange measurements, was characterized from jack pine shoots collected at SSA-YJP. 3 ages x 10 replications.
Samples were collected from low in the canopy.
August 9, 1994 (Measured: August 9, 1994) Shoot geometry, coordinated with gas exchange measurements, was characterized from jack pine shoots collected at SSA-YJP. 3 ages x 3 replications. Samples were collected from low in the canopy.
August 7, 1994 (Measured: August 7, 1994) Shoot geometry, coordinated with gas exchange measurements, was characterized from white spruce shoots collected at SSA-MIX. 3 ages x 5 replications.
Sampled were collected from middle of the canopy.
September 4, 1994 (Measured: September 5-6, 1994) Shoot geometry was characterized from black spruce shoots collected at SSA-OBS. 3 trees x 3 branch x 3 ages x 3 replications.
Samples collected from lower in the canopy (approximately 9m from the soil surface) via canopy access tower. Tree 1 and 3 are sunlit samples and tree 2 is shaded. Measurements were not made on tree 3 branch 2.
Sampled: September 7, 1994 (Measured: September 8-11, 1994) Shoot geometry was characterized from black spruce shoots collected at SSA-OBS. 3 trees x 3 branch x 3 ages x 3 replications.
Samples collected from the top of the canopy via canopy access tower. 
Sampled
Spatial Resolution
These data represent point source measurements taken at the given locations. Shoot selection came from a branch approximately 30-70 cm long.
Projection
Not applicable.
Grid Description
Not applicable. No consistent changes in shoot geometry were observed during the 1-3 day period following the collection of the samples from the trees.
Temporal Characteristics
Temporal
Data Characteristics
Parameter/Variable
The parameters contained in the data files on the CD-ROM are:
Column Name SITE NAME The CANOPY_LOCATION parameter is a relative measure based upon the height of the sample location relative to the height of the canopy. Therefore, a sample collected from the top of a short tree in a tall canopy and a sample collected from the bottom of a short tree in a short canopy can both be designated as "low" for the HEIGHT parameter. Samples were collected from HIGH and LOW portions of the canopy at SSA-OBS and SSA-YJP. Samples were collected from LOW portions of the canopy at SSA-FEN. Canopy access at SSA-OBS was limited to the locations of the TE scaffolding towers. '99999',i,i, 'i994 ,-999,-999.0,-999.0,-999,-999 
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Data Organization
Data Granularity
The smallest unit of data tracked by the BOREAS Information System (BORIS) is that from a single age section of a shoot.
Data Format
The Compact Disk-Read-Only Memory (CD-ROM) files contain American Standard Code for Information Interchange (ASCII) numerical and character fields of varying length separated by commas. The character fields are enclosed with single apostrophe marks. There are no spaces between the fields.
Each data file on the CD-ROM has four header lines of Hyper-Text Markup Language (HTML) code at the top. When viewed with a Web browser, this code displays header information (data set title, location, date, acknowledgments, etc.) and a series of HTML links to associated data files and related data sets. Line 5 of each data file is a list of the column names, and line 6 and following lines contain the actual data. where: SA = Total surface area of a group of conifer needles (mm2) X = Dimensionless Shape Factor V = Volume of the needles (mm3) n = number of needles (unitless) L = mean length of the needles (mm)
Derivation
Techniques/Algorithms The total surface area (SA), in mm2, of a group of conifer needles is given by:
SA = n L P [2]
where P = perimeter length of the needle cross-section (mm).
The volume (V), in ram3, of the needles is:
where A is the needle cross-section area (mm2).
Solving for A gives:
A dimensionless "Shape factor" (X) is defined as: X = P/sqrt(A)
[5a] thus P = X sqrt(A)
[5b] Substituting Eq. 5b into Eq. 2 gives SA = n L X sqrt(A) [6] and from Eq. 4 then:
This equation is valid for any arbitrary cross-sectional needle shape. Moreover, the factor will remain constant even if the needle tapers at its end, provided its shape remains the same.
None. 
Glossary of Terms
